The ranges of motions of the ankle have been studied only rarely in children. The authors examined the mobility of the ankle joint complex of 245 healthy children. The mean age was 10.2 years. In healthy children ages 7 to 14 years, the variation of the ankle joint complex range of motion was wide. The largest gender-related difference was recorded for passive plantarflexion, which was greater in girls. Other statistically significant gender differences do exist, but they are small and probably lack clinical meaning. Some of the children had remarkable left-right difference in the range of motions of the ankle joint complex. This means that the "healthy ankle" cannot necessarily be used in clinical practice as a reference when evaluating, for example, treatments of foot and ankle injuries in children. Key Words: Ankle joint complex-Child-Mobility.
The structure and the range of motion of the ankle have been studied in many ways (18) : by examination of anatomic preparations (10, 13) , radiologically (13, 19, 20) , by goniometry (2, 16, 23) , by photography (15, 30) , and by kinematic analysis (4, 7, 21, 31) . However, despite these reports, children have rarely been studied. In this paper we report, to our knowledge, the largest series of motion and position measurements of the ankle joint complex of children with healthy lower extremities.
METHODS
Two hundred thirty-nine children were randomly selected among children spending their holiday at a summer colony. Another 69 children were enrolled among the pupils in two junior schools in Turku, Finland. Thus, a total of 308 white children were enrolled. The measurements for this study were made during 1987 and 1988. Sixty-three children of the 308 were excluded. The exclusion criteria were any systemic disease, a history of a fracture of a lower extremity, recurrent (more than one) ankle sprains, clubfoot and other deformities of a lower extremity, congenital luxation of the hip, and any recent musculoskeletal injury to the lower extremities. This left 245 children who made up the final study population.
The mean age was 10.2 years (range 7.4-13.9). There were 141 girls (mean age 10.0 years, range 7.6-13.4) and 104 boys (mean age 10.5 years, range 7.4-13.9). The children and their parents were informed of the study protocol, and all gave informed consent. The study was approved by the Ethics Committee of the Rehabilitation Research Center of Social Insurance Institution and by the Ethics Committee of the National Health Service, Turku, Finland.
Measurements of passive range of motion
First, the child lay prone, the feet extending over the edge of the examination table and pointing down. The posterior part of the calcaneus and the subtalar joint were set in a neutral position (Fig. 1A) (12, 31) . Two ink marks were made posteriorly in the middle of the heel: an upper mark was set 1 cm below the cranial edge of the calcaneus, and a lower mark on the level of the caudal edge of the calcaneus (Fig. 1B) . Two more marks were made on the inferior half of the calf, parallel to the vertical axis of the calcaneus: a lower mark was made 3 cm cephalad to the upper mark of the heel. The most proximal mark was placed at the level of the lower and middle third of the fibula, bisecting the posterior surface of the leg (31) . All four marks were located along the same vertical line when the ankle was in a neutral position.
These four marks were used to determine the passive mobility of the ankle joint complex to inversion and eversion. After turning the rearfoot to maximal inversion and eversion, the marks were copied to translucent paper (Fig. 1C) . Thereafter, the angle between the leg and the heel was measured from the markings on the paper (16, 31) .
The passive mobility of the ankle joint complex to dorsiflexion was measured with a goniometer with the knee extended (Fig. 1D ) and flexed 90°while the ankle was kept in a neutral position (31) . A long shaft of the goniometer was directed parallel to the fibula, while the other shaft was placed on the lateral side of the foot along the fifth metatarsal bone. The displacement value was calculated by subtracting dorsiflexion with knee extension from dorsiflexion with 90°knee flexion. The data for the left and right side were calculated separately (n ‫ס‬ 490) for this subtraction parameter.
Passive plantarflexion was measured with the subject supine using the same marks as for dorsiflexion. With the help of an assistant, the leg was stabilized against the examination table and the ankle was kept in a neutral position. The ankle was then firmly pushed from the dorsum of the foot to maximal plantarflexion, avoiding forefoot varus or valgus, and the marks were copied onto translucent paper. The mean of two measurements of passive inversion, eversion, dorsiflexion, and plantarflexion were used for analysis.
Weight-bearing position and movement measurements
Loaded maximal dorsiflexion of the ankle was measured from photographs. The subject stood alongside the camera with both feet parallel and knees flexed until an angle was reached where the heel was detached from the standing surface. The subject held his or her back straight and the photograph was taken to measure the angle of the loaded maximal dorsiflexion (Fig. 2) . The ␤ angle of the hindfoot and the ␥ angle of the calcaneus were determined photographically using the same four ink marks as previously (15, 31) in two different, standardized positions: in a normal standing position and knees 45°flexed. During the ␤-and ␥-angle measurements the forefeet pointed 5°outward of the sagittal line. A ␤ angle of 180°d enotes that the two lines bisecting the lower leg and the heel are parallel; values >180°refer to pronation, and <180°to supination. The displacement value was calculated by subtracting the ␤ angle in normal standing position from the ␤ angle with knee 45°flexion (left and right side calculated separately, n ‫ס‬ 490). The minus results are due to motion of the ankle to supination. The ␥ angle is 90°when the heel is vertical. Heel valgus is indicated by ␥ angle <90°and heel varus by values >90°.
Statistical analysis
Comparison of variances and normality of distributions were checked before the analyses. The two-sample t test was used to evaluate gender and the paired t test to evaluate left and right differences (5) . P < 0.05 was interpreted as significant, and 95% confidence intervals (CI) were calculated.
Twenty-seven children were studied twice by the same physician (J.T.A.). The latter examination was carried out 3 to 6 days after the first one. It was also checked that no ink marks were visible before the second examination. The intraclass correlation coefficients were calculated to test reliability. The intraclass correlation coefficient is an estimate of the reliability of the measurements and varies from 0 (no reliability) to 1 (total reliability) (8) .
RESULTS

Passive range of motion and weight-bearing position and movement measurements
The range of motions of the ankle joint complex were large in all measured parameters in both boys and girls (Table 1, Fig. 3 ). In this study the values between the 2.5 and the 97.5 percentiles were regarded as being within the reference range ( Table 2) .
The largest gender difference occurred to passive maximal plantarflexion: girls had more passively mobile ankles to plantarflexion than boys (left, 54°vs. 52°, P < 0.05, CI −4.6 to −0.9; right, 57°vs. 54°, P < 0.05, CI −4.9 to −1.2). There were also other statistically significant but small gender differences.
There were minute differences between the mean values of the left and right ankles in terms of passive maximal eversion (12°vs. 13°, P < 0.05), passive maximal dorsiflexion with knees extended and 90°flexed (27°vs. 25°and 41°vs. 39°, respectively; P < 0.05), passive maximal plantar flexion (53°vs. 56°, P < 0.05), ␤ angle with the knees 45°flexed (189°vs. 188°, P < 0.05), and ␥ angle with the knees 45°flexed (85°vs. 84°, P < 0.05). With the data available, there were no significant gender differences in terms of passive maximal inversion and ␤ and ␥ angles with the knees extended.
On average 29% (range 11-47%) of the children had a left-right difference of >5°, and 5% (range 0-14%) had a left-right difference of >10°. The values for dorsiflexion with 90°knee flexion averaged 15°(standard deviation 5.7; range 0-33°) larger than in dorsiflexion with knee extension. In 63% of the feet, 90°knee flexion increased dorsiflexion by 10°to 19° (Fig. 4A) . In corresponding subtraction parameters, the values of the ␤ angle with 45°knee flexion were an average 2°(standard deviation 2.7; range −10-12°) larger than in the ␤ angle with knee extension (Fig. 4B ).
Reliability
The range of intraclass correlation coefficients varied between 0.51 and 0.88; in other words, intraexaminer reliability was fair to good. One exception was inversion of the left ankle, which had an intraclass correlation coefficient of 0.40, which was because of one totally failed pair of repeated measurements. The reason for this failure was unclear. Otherwise, the lowest value was 0.51 in right eversion measurement. The best intraclass correlation coefficients were in loaded dorsiflexion measurements (0.88 in both ankles).
DISCUSSION
Not long ago, the foot was regarded primarily as some kind of appendage for joining the leg to the ground (3). Today, it is apparent that the foot is a unique structure making erect posture possible and having important shock-absorption ability (4) . The ankle has considerable importance in communicating the foot with the rest of the locomotion system (6) . The patterns of movement of the hip and knee joints are also related to the action of the foot and ankle (4, 11) . Abnormal motion of the foot and ankle has been indicated as an etiologic component of lower limb injuries (14) . However, various mechanisms causing overuse injuries to the lower extremities are still not well understood (11) .
There are only a few reports on the range of passive dorsiflexion or plantarflexion and passive inversion or eversion measurements of the ankle joint complex of children (2,9), and they have included only a small number of subjects. Our study included 245 children aged 7 to 14 years and is probably the largest study to date. Our study reveals a large variation of the range of motion of the ankle joint complex of boys and girls of this age. The reference range is defined here as values within the 2.5 and 97.5 percentiles.
From our results, it is obvious that uninjured and symptom-free ankles can be either hypermobile or stiff in children. It is unclear when these extremes of mobility are compatible with normal health and are only the lower and upper values of the gaussian distribution, and when the hypermobility (or hypomobility) results from connective tissue disease such as Ehlers-Danlos syndrome.
Traditionally, it has been suggested that in adults, mobility of the hindfoot to inversion is approximately twice that of eversion (28) . In our study, this tendency was also seen in children. The gastrocnemius muscle can restrict dorsiflexion of the ankle joint complex, for instance during a growth spurt (28) . We measured passive dorsiflexion both with knee extension and 90°flexion. In approximately 63% of the feet, 90°knee flexion increased dorsiflexion by 10°to 19°, and differences of >20°ex-isted in almost one fifth of the feet. In many of these feet there is probably gastrocnemius muscle restriction as the underlying cause for this difference.
Girls had a larger passive range of motion to plantarflexion than boys. The same gender-related difference was also recorded regarding passive inversion. In contrast, the ␤ angles were larger in boys than girls, but all the differences were very small. In most reports, mobility of the ankle tends to be greater in female than male subjects, but the differences vary with age (9, 24) . In general, the results of measurements of active motion can simply reflect differences in, for example, muscular development between boys and girls (9) . In this study, passive measurements were used, and in this way at least part of the muscular involvement for the motions was eliminated. Thus, our results support the existence of small but real gender-related differences in mobility of the ankle joint complex in childhood.
The paucity of reports related to weight-bearing positions and movements of the hindfoot in children is conspicuous. We used the ␤ angle of the ankle to describe the coronal plane relation of the hindfoot position to the lower leg. The ␥ angle represents heel valgus or varus position. There is evidence that in adults, both hyperpronation and limited joint mobility of the ankle can predispose people to Achilles tendon disorders and other stress injuries (17, 25, 29, 31) . Orthotic devices have been used in these instances, and it has been reported that approximately 70% of runners with lower extremity injuries values and 95% confidence intervals (95% CI) refer to differences of means between boys and girls. SD, standard deviation. * P < 0.05.
show an improvement during this treatment (11). We do not know whether these extremes of weight-bearing hindfoot angles could be predisposing factors to stress injuries in children.
There were indisputable statistical differences in mobility between the left and right ankles, but these differences were clinically and practically small. There were also large intraindividual differences between the sides. On average, a quarter of the children had a difference of >5°between sides regarding most of the measured angles, and 5% to 10% had differences between the sides of >10°in many of the measurements. It is clinical dogma that it is appropriate to use a healthy limb for comparison with the affected side (2, 27) . Our study allows us to disagree with this: the "healthy" ankle cannot necessarily be used as a reference when evaluating foot and ankle injuries in children.
There are limitations in our study, as in all in vivo examinations of joint motions. The real movements of the subtalar joint, for example, cannot be measured clinically (26, 32) . In fact, all the joints of the foot distal to the talocrural joint seem to participate in pronation/ supination motion (20) . In a recent paper, external subtalar motion measured by a goniometer overestimated the subtalar motion approximately threefold compared with computed tomography measurements (26) . Kinematic methods such as electrogoniometry, high-speed filming, and video techniques yield results of the entire joint complexes (20) . The skin markings used in this study are not optimal, and there may be difficulties in standardizing the exact location of the marks; also, movements of skin may appear.
When measuring the movements of joints, the intraobserver reliability is often only moderate, and the reliabil- ity between observers is poor in most studies (22) . In this study intraclass correlation coefficients were used, and the reliability was at least moderate in all measurements. This provides support for using standardized instrumentation and study protocols in clinical practice as well.
This study was based on cross-sectional data, which means that we cannot, with certainty, determine the influence of aging on mobility of the ankle joint complex. Therefore, longitudinal studies are required. Prospective studies are also needed to examine the possible clinical meaning of different anatomic and functional factors of the foot and ankle on overuse injuries and other lower extremity problems.
CONCLUSION
There is a wide range of motions and weight-bearing positions of the ankle joint complex. Gender differences exist in childhood but are minute in healthy children age 7 to 14 years and probably lack clinical meaning. In a remarkable number of the children with no injuries of the lower extremities, we found a difference of >5°and even >10°between the left and right sides in terms of mobility of the ankle joint complex. Therefore, the "healthy" ankle cannot necessarily be used as a reference when evaluating, for example, treatments of foot and ankle injuries in children.
In 1894, naturalist William Bateson wrote, "To collect and codify the facts of variation is, I submit, the first duty of the naturalist" (1) . We believe this is a principle worth keeping in mind, because to understand pathology we must first know and understand the normal state and its variations. 
